Background: Effective control of intraocular pressure is predicated upon patient compliance with pharmacotherapy. We compared patient adherence and persistence with two new ocular hypotensive formulations, using real-world utilization data. Methods: This observational cohort study employed pharmacy claims data from the Source ® Lx (Wolters Kluwer Pharma Solutions) database. Patients with an initial (index) prescription for topical bimatoprost 0.01% or travoprost Z (April to June 2011) and no claim for ophthalmic prostaglandin or prostamide analogs within the previous 18 months were identified. Treatment adherence was expressed as proportion of days covered with study medication during the first 365 days after the index prescription. Treatment persistence with study medication was assessed over the first 12 months using Kaplan-Meier survival analyses, allowing a maximum 30-day gap for prescription refill. Treatment status was determined monthly over this period.
Introduction
Glaucoma, a chronic, progressive optic neuropathy, is the second leading cause (after cataract) of blindness worldwide, 1,2 affecting over 60 million adults. 2 In addition to advanced age and genetic predisposition, elevated intraocular pressure (IOP) is a well-established risk factor for primary open-angle glaucoma (POAG), the predominant form of the disease. 3, 4 Treatment focuses on lowering IOP, because effective IOP control can delay or halt progression of ocular hypertension to glaucoma 5 and progression of glaucomatous damage. [6] [7] [8] [9] [10] Topical prostaglandin/ prostamide analogs (PGAs), submit your manuscript | www.dovepress.com
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Campbell et al such as latanoprost, travoprost, and bimatoprost, offer improved efficacy compared with older classes of ocular hypotensives, such as carbonic anhydrase inhibitors, α2 adrenergic agonists, and β-blockers, [11] [12] [13] and are considered the first-line choice for medical management of POAG and ocular hypertension along with β-blockers. [14] [15] [16] These products have fewer contraindications, and thus may be safer than other agents (such as β-blockers in patients at risk of cardiopulmonary side effects), and require fewer instillations, which is an advantage for the patient. 16, 17 In practice, to achieve effective IOP control, patients need to remain closely compliant with ocular hypotensive therapy. For chronic and typically asymptomatic conditions, such as ocular hypertension and glaucoma, treatment adherence (consistent daily use of medication in accordance with dosage recommendations) 18 and persistence (continued use of medication over time) 17 pose a particular challenge. 19 Although persistence with topical PGAs is superior to that achieved with carbonic anhydrase inhibitors, α2 adrenergic agonists, and β-blockers, [20] [21] [22] [23] [24] it is nevertheless suboptimal, and ,50% of patients who start therapy are likely to remain on treatment 1 year later. 23, 25, 26 Patient persistence with topical PGAs compares unfavorably with that of many chronic medications, including statins, bisphosphonates, and oral hypoglycemics. 27 Several head-to-head randomized controlled trials, as well as a recent meta-analysis, have demonstrated that the original formulation of bimatoprost (0.03%) has superior IOP-lowering efficacy to travoprost. [28] [29] [30] However, a number of real-world utilization studies indicate that patient adherence and persistence may be lower with this formulation of bimatoprost than with travoprost, presumably because of the higher incidence of conjunctival hyperemia associated with bimatoprost 0.03%. 30, 31 Bimatoprost 0.01% ophthalmic solution (Lumigan ® 0.01%; Allergan, Inc., Irvine, CA, USA) is a new formulation of bimatoprost that offers similar IOP-lowering activity to bimatoprost 0.03% combined with a lower rate of conjunctival hyperemia. 32 A recent head-to-head randomized controlled trial comparing the tolerability of topical PGAs found that conjunctival hyperemia rates were comparable for bimatoprost 0.01% and travoprost Z, 33 a new formulation of travoprost 0.004% with sofZia ® preservative (Travatan Z ® ; Alcon Laboratories, Fort Worth, TX, USA). The objective of this pharmacy claims analysis was to compare patient adherence and persistence with these two new topical formulations, bimatoprost 0.01% and travoprost Z, using real-world pharmacy claims data.
Methods
study design and patient selection
We performed a retrospective observational cohort study using pharmacy claims data derived from the Source ® Lx (Wolters Kluwer Pharma Solutions) database. This integrated, patient-level data source covers physician practices, hospitals, and pharmacies, and includes outpatient and hospital medical claims, and pharmacy prescription claims. The Source ® Lx database represents the health care services of more than 115 million US patients with commercial, Medicare Part D, and Medicaid insurance coverage. All patient information collected from the database was deidentified in compliance with the patient confidentiality requirements of the Health Insurance Portability and Accountability Act.
The Source ® Lx database was screened to identify patients who had a prescription for bimatoprost 0.01% or travoprost Z dispensed between April and June 2011. The date of first supply of study medication during this period was defined as the "index" date. For study eligibility, patients were required to have $18 months' continuous database enrollment before the index date. Patients included in the adherence analysis were also required to have $12 months' continuous database enrollment after the index date. Patients included in the persistence analysis had to be continuously enrolled in the database until discontinuation of study medication or until completion of 12 months' postindex follow-up (whichever occurred earlier). Patients were excluded from the study if they had a prescription for any ophthalmic PGA dispensed during the 18 months preceding the index date. Concomitant prescription of an ocular hypotensive other than the study medication was permitted during the postindex follow-up period. Information collected from the pharmacy claims records included patient demographics (age, sex, and payer status), prior ocular hypotensive treatment, the date of supply of study medication, the number of bottles supplied, and the bottle size.
study outcomes Treatment adherence
As a measure of treatment adherence, we estimated the number of days in the first therapy year from prescription fills for which supply of study medication was available (days covered). Accordingly, the proportion of days covered (PDC) with study medication is: PDC = Total number of days with supply of study medication during the 365-day assessment period ÷ 365 days. 
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Bimatoprost versus travoprost Z compliance
Claims-based estimates of days' supply for nondiscrete drug formulations such as eyedrops are known to be inaccurate, 34 and for this reason we calculated the number of days' drug supply provided by each prescription fill directly, using data from a drop-count study that measured the number of drops per bottle. This drop-count study determined the actual volume of drug solution contained in commercially available bottles of bimatoprost 0.01% (2.5, 5.0, and 7.5 mL sizes) and travoprost Z (2.5 and 5.0 mL sizes) and the number of drops dispensed from each bottle. For both products, four bottles of each available size were tested to quantify the average drug volume and average number of dispensed drops. Based on these data, and assuming that the study medications were administered according to the product label and that all doses were applied bilaterally, a more accurate estimate of the days' supply represented by each bottle size was obtained:
Days' supply = Number of drops/bottle ÷ number of drops/ dose × number of administrations/day.
The results indicated that each 2.5, 5.0, and 7.5 mL bimatoprost 0.01% bottle provided 46.8, 91.4, and 131.3 days' supply of medication, whereas each 2.5 and 5.0 mL travoprost Z bottle provided 45.9 and 84.3 days' supply, respectively. In the event that a prescription was refilled before the previous days' supply was exhausted, the fill date of the subsequent prescription was adjusted to coincide with the last day covered by supply from the previous prescription. Mean and median PDC values were calculated for each study medication over the 365-day assessment period, as well as the frequency distribution of patients across the following PDC categories: i) PDC #0.20 (low adherence); ii) 0.20, PDC #0.80 (moderate adherence); and iii) PDC .0.80 (high adherence).
Treatment persistence
Persistence with study medication was assessed over a period of up to 12 months from the index date, using a gapanalysis method whereby patients were permitted a 30-day grace period to obtain their next prescription refill. The use of a grace period for prescription refill prevents minor gaps in prescription coverage counting as treatment discontinuations, and is standard in these types of analyses. 35 Patients were regarded as remaining on treatment if they refilled their prescription #30 days after exhaustion of their existing drug supply, and deemed to have discontinued treatment if they did not refill their prescription within this time frame. Accordingly, the date of treatment discontinuation was set at 30 days after the date of exhaustion of the drug supply from the latest prescription fill. Time to treatment failure (ie, discontinuation of medication) for at-risk patients in the two study groups was assessed using Kaplan-Meier survival analysis.
Treatment status
In order to compare the treatment status of the two study groups over the 12-month postindex period, patients were classified at the end of each month as either 1) "treatment continuers" (ie, with drug supply in the previous month and a prescription refill or carryover drug supply for the current month), 2) "treatment discontinuers" (no prescription fill or carryover drug supply in the current month), or 3) "treatment restarters" (prescription fill in the current month but no drug supply in the previous month). Patients continuing treatment from the previous month or restarting treatment in the current month (categories 1 and 3 combined) were defined as being "on treatment." 36 
Base-case and sensitivity analyses
The base-case analysis was conducted using the full study population, which was naïve to topical PGA therapy. Covariate-adjusted sensitivity analyses were performed to control for patient characteristics that were unbalanced between treatment cohorts at baseline, namely treatment-naïve status and insurance type (commercial, Medicare, Medicaid, or other). Additional sensitivity analyses were conducted to assess the robustness of the compliance findings in different patient cohorts: 1) the subpopulation of patients who had not received any ocular hypotensive therapy during the preindex period ("treatment-naïve patients"), 2) the subpopulation of patients $65 years of age, and 3) a separate sample of patients who had switched from branded latanoprost (Xalatan ® ; Pfizer, New York, NY, USA) therapy. The base-case analysis allowed a 30-day grace period for prescription refill; this was also varied in sensitivity analyses to 15 and proportions of patients on treatment (continuers plus restarters) were performed using the χ 2 test. Covariateadjusted analysis of adherence and treatment status was performed using logistic regression models (glm [family = binomial {logit}] procedure). Kaplan-Meier survival analysis was used to generate treatment-persistence curves, and intergroup comparisons were performed using the logrank test for homogeneity. Covariate-adjusted analysis of persistence was performed using Cox proportional hazard models (coxph and surv procedures). A P-value#0.05 was considered statistically significant.
Results
A total of 12,985 patients met the study inclusion criteria and were assessed for treatment persistence (5,099 on bimatoprost 0.01%, 7,886 on travoprost Z) in the base-case analysis. Of these, 10,470 patients who had continuous 12 months' postindex follow-up were additionally assessed for treatment adherence (4,131 on bimatoprost 0.01%, 6,339 on travoprost Z). Baseline demographic and clinical characteristics of the persistence and adherence study populations are summarized in Table 1 . Sensitivity analyses were performed in subgroups of treatment-naïve patients (9,585 and 7,461 were assessed for persistence and adherence, respectively), in patients $65 years of age (8,989 and 7,265 were assessed for persistence and adherence, respectively), and in a sample of branded latanoprost switchers (4,012 and 3,334 were assessed for persistence and adherence, respectively).
In both the persistence and adherence studies (base-case analysis), the two treatment groups shared similar age and sex distributions. However, in comparison with the travoprost Z group, the bimatoprost 0.01% group contained a higher proportion of commercially insured patients (persistence study, 56.5% versus [vs] Base-case analysis Figure 1 Kaplan-Meier survival curves of treatment persistence with bimatoprost 0.01% and travoprost Z among the full study population, assuming a 30-day grace period for prescription refill. Notes: Vertical lines represent upper and lower 95% confidence intervals. a total of 5,099 patients were initiated on treatment with bimatoprost 0.01%, and 7,886 patients were initiated on treatment with travoprost Z. at 12 months, the persistence rate for bimatoprost 0.01% was 0.295 and for travoprost Z was 0.242.
Kaplan-Meier survival curves, based on a 30-day grace period for prescription refill, revealed differences in treatment persistence in favor of bimatoprost 0.01% over travoprost Z (Figure 1) . A significantly greater proportion of patients starting on bimatoprost 0.01% remained on continuous treatment for the full 12 months compared with those starting on travoprost Z (29.5% vs 24.2%, P,0.001) ( Table 3) .
A cross-sectional analysis of patients' treatment status each month, allowing a 30-day grace period for prescription refill, indicated that the proportion of patients on index therapy (treatment continuers plus restarters) was consistently higher with bimatoprost 0.01% compared with travoprost Z from month 4 onward (Figure 2 ). At 12 months postindex, a significantly greater proportion of patients was on treatment (continuing or restarting treatment) with bimatoprost 0.01% than with travoprost Z (48.8% vs 45.7%, P,0.01) ( Table 4) .
sensitivity analyses
Covariate adjustment for treatment-naïve status and insurance type at index fill had minimal impact on the unadjusted estimates of the magnitude or statistical significance of treatment adherence and persistence with bimatoprost 0.01% provided by the various regression models (Table 5 ). For the cohorts of treatment-naïve patients, patients $65 years of age, and patients switching from latanoprost, levels of adherence and 12-month persistence with study medication (based on a 30-day refill gap) closely mirrored those observed in the base-case analysis of the full study population (Tables 2-4) . For all three patient cohorts, treatment adherence and 12-month persistence rates, based on a 30-day refill gap, were significantly higher with bimatoprost 0.01% than with travoprost Z (Tables 2-4) .
As anticipated, estimates of treatment persistence with study medication fell when the allowed refill gap was reduced to 15 days and increased when it was extended to 60 days (Tables 3  and 4 ). These variations in refill gap affected persistence rates similarly across the cohorts of treatment-naïve patients, patients $65 years of age, patients switching from latanoprost, as well as the full study population (Tables 3 and 4) . Nevertheless, the advantage noted with bimatoprost 0.01% versus travoprost Z in terms of continuous 12-month treatment persistence and overall treatment persistence (as indicated by "on treatment" status) at month 12, based on a 30-day refill gap, was consistently replicated across the three patient cohorts and the full study population when the refill gap was reduced to 15 days or extended to 60 days (Tables 3 and 4 On travoprost Z Off travoprost Z Figure 2 Proportions of patients "on" and "off" study medication each month after the index prescription claim, assuming a 30-day grace period for prescription refill. Notes: "On bimatoprost 0.01%" or "On travoprost Z" represents patients continuing treatment from the previous month and patients restarting treatment in the current month. "Off bimatoprost 0.01%" or "Off travoprost Z" represents patients who discontinued treatment in the current month. Treatment status was assessed in 4,131 patients receiving bimatoprost 0.01% and 6,339 patients receiving travoprost Z. 
Discussion
The results of this study, which is the first to compare patient adherence and persistence with bimatoprost 0.01% and travoprost Z, lend support to previous reports of suboptimal compliance with ocular hypotensive medications as a class. 23, 25, 26, 37 However, the results indicate that within this class of drugs, there are possibly clinically relevant differences in persistence and adherence between individual PGAs. Thus, in this large population of patients new to PGA therapy, more patients achieved uninterrupted 12-month persistence with bimatoprost 0.01% than with travoprost Z ophthalmic solutions (29.5% vs 24.2% of patients). Results from the restart analysis, which took into account the substantial number of patients who discontinued and subsequently restarted study medication, demonstrated a similar persistence benefit, with more patients "on treatment" with bimatoprost 0.01% than with travoprost Z 12 months after initiating therapy (48.8% vs 45.7%). Similarly, the PDC covered with study medication over the first therapy year was significantly higher with bimatoprost 0.01% than with travoprost Z (mean PDC, 0.54 vs 0.49). Findings from the sensitivity analyses reinforce those from base-case analysis, and suggest that the persistence advantage with bimatoprost 0.01% relative to travoprost Z is real, since it was consistently demonstrated after covariate adjustment for unbalanced factors across treatment cohorts, and across a range of grace periods (15- claims analysis (during the period 2001-2004) of patients (n=6,271) naïve to ocular hypotensive treatment who were receiving topical PGAs (bimatoprost, travoprost, and latanoprost) reported continuous 12-month prescription refill rates of #10% for the individual agents. Rates of 58% (travoprost) to 68% (latanoprost) after 12 months were reported for "on treatment" (combined treatment continuer plus restarter). 26 Another retrospective pharmacy claims analysis (during the period 2004-2005) of treatment-naïve patients (n=7,873) who received topical PGAs (bimatoprost, travoprost, and latanoprost) reported PDC values of 0.64-0.66 over the first therapy year, based on imputed days' supply from the claims data. 37 None of these studies included as a comparator agent bimatoprost 0.01%, which is better tolerated than the older formulation, bimatoprost 0.03%, 32 and therefore has the potential for superior adherence and persistence.
Several factors, including treatment efficacy, the frequency and nature of adverse ocular effects (whether drug-or preservative-related), and the cost of medication, may impact patient willingness to continue ocular hypotensive therapy. 26 However, sensitivity analyses that included type of insurancea proxy for treatment affordability -as a covariate did not change the tenor of the study findings. The most common adverse effect of topical PGAs (hyperemia) is recognized as a risk factor for interruption of topical PGA therapy. 26, 38 The contribution of preservatives to ocular adverse effects, especially benzalkonium chloride (BAK), the most widely used preservative in ocular hypotensive formulations (including bimatoprost), remains in question. Although in vitro and in vivo animal studies have shown dose-dependent, BAKinduced epithelial cellular damage, [39] [40] [41] the low BAK concentrations in ophthalmic solutions are thought to be unlikely to cause clinically significant adverse corneal effects. 42, 43 Likewise, whether sofZia offers any tolerability advantage over BAK is uncertain. While in vitro studies in corneal epithelial cells demonstrate that sofZia has lower toxicity than BAK, 44 clinical studies suggest equivalent ocular tolerability between travoprost formulations with and without BAK. 45 Strengths of the present study include its use of a data source (Source ® Lx) appreciably larger than that used in previous investigations of compliance with topical PGA therapy. [46] [47] [48] The large study population, its broad demographic base, the nonselective patient eligibility criteria, and the real-world setting described by the claims data allow the study findings to be readily generalized. The use of dropcount data controlled for variations in volume of dispensed medication and provided a more accurate estimate of days' supply than that available from prescription claims alone.
As a retrospective observational study, this analysis is subject to several limitations. Administrative claims data are often incomplete, and subject to possible coding errors. 
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The clinical information provided in an administrative claims database is limited, and undocumented factors, such as treatment motivation, glaucoma diagnosis, disease severity, and physical or mental frailty, may potentially influence patient compliance. Distribution of free drug samples to patients, resulting in potential underestimation of adherence, 21 was not captured by the database. In addition to these unknown putative confounders, the study made no adjustment for imbalances between the two treatment groups in known baseline characteristics, such as age, sex, and insurance type. Allowance of adjunctive glaucoma medication during the follow-up period may have adversely influenced patient compliance with study medication. While our use of dropcount data provided some measure of control for variations in bottle size and medication volume, it should be noted that the drop-count technique may not simulate patients' use (and wastage) of eyedrops in the real-world setting. Furthermore, prescription refill and drug supply does not necessarily equate to treatment adherence, since a patient may use the medication in his/her possession inconsistently or inappropriately, resulting in inadequate IOP control. 49 Finally, the claims data provide no information on possible reasons for the compliance advantage observed with bimatoprost 0.01%.
In conclusion, patient compliance with topical PGA therapy is suboptimal. The results of this study indicate that bimatoprost 0.01% offers advantages in adherence and persistence over travoprost Z. For the prescriber, this is a potentially important consideration in selecting appropriate ocular hypotensive medication.
